In Streptococcus salivarim, the phosphoenolpyruvate : mannose phosphotransferase system (PTSMan) transports and concomitantly phosphorylates mannose, glucose, fructose and 2-deoxyglucose. PTSMan consists of a membrane Enzyme I1 and two forms of Enzyme I11 011"") having molecular masses of 38.9 kDa (IIIEan) and 35.2 kDa (IIIY) respectively. We have previously reported the isolation of spontaneous mutants lacking HI?, and showed that they exhibited abnormal growth when cultured in mixtures of sugars containing glucose. The mutants also synthesize several cytoplasmic glucose-repressible proteins during growth on glucose and some of them constitutively express a fructose PTS which is induced by fructose in the parental strain. We have now investigated the properties and composition of the cellular envelope of three S. salivarim 1IIF"-defective mutants (strains A37, B31 and G29) after growth on glucose. The mutants have altered sensitivity to various toxic compounds that interfere with cell-envelope functions. The mutants also exhibited altered membrane-protein profiles when analysed by two-dimensional PAGE and modified total lipid and phosphorus contents and lipid/protein ratio. In one mutant (strain G29), the proportion of the phospholipids separated by TLC was different from the parental strain. Electron microscopy indicated that one mutant (strain A37) possessed more fimbriae than the parental strain. The results suggested that these IIIp"-defective mutants were affected in a global regulatory gene controlling several cellular or physiological functions, many of these being related to the cellular envelope.
Introduction
Transport of sugars in streptococci is mediated principally by the phosphoenolpyruvate : sugar phosphotransferase system (PTS) (Reizer et al., 1988 ; Thompson, 1987) . The PTS catalyses the concomitant transport and phosphorylation of mono-and disaccharides at the expense of PEP via two general proteins (HPr and EI) and a family of specific EII complexes (Meadow et al., 1990) . The EII complexes consist of either a unique integral membrane protein possessing permease as well as kinase functions or of several polypeptides which are * Author for correspondence. Tel. (418) 656-2319; fax (418) 656-
2861.
Abbrevigtions: PTS, phosphoenolpyruvate : sugar phosphotransferase system; PEP, phosphoenolpyruvate; IIIpan, low molecular mass form of IIIMan; CHAPS, 3-[(3-cholamidopropyl)dimethylammonio]-1-pro panesulp hona te. membrane-bound or free in the cytoplasm. A uniform nomenclature, based on the presence of three functional domains, including a hydrophobic transmembrane domain and two phosphorylation sites required for activity, has recently been proposed for the PTS components of the EII complexes (Saier & Reizer, 1992) . The PTS proteins also have regulatory functions (Chin et al., 1989; Meadow et al., 1990; Postma, 1986; Reizer et al., 1988) . In the enterobacteria, protein IIAG1' (formerly IIIG1') controls the activity of several non-PTS permeases as well as the activity of glycerol kinase (Novotny et al., 1985; Postma et al., 1984) and, in association with the general proteins, the activity of adenylate cyclase (Levy et al., 1990; Peterkofsky et al., 1989) . Protein IIAMHFru~StY (formerly IIIFrU from Salmonella typhimurium) may regulate the transcription of several genes encoding catabolic, biosynthetic and amphibolic enzymes (Chin et al., 1989) and protein IIBCABg',Eco (formerly IIBg' from Escherichia coli) controls the transcription of the bgl operon via an antitermination 0001-7909 0 1993 SGM D. Brochu and others mechanism (Amster-Choder et al., 1989) . PTS components of Gram-positive bacteria also have regulatory functions. In Bacillus subtilis, IIBCScr" Bsu (formerly IIScr, encoded by the sacX gene) transcriptionally regulates levansucrase by an antitermination mechanism reminiscent of bgl operon regulation (Crutz et al., 1990) . The protein HPr, when phosphorylated on a serine residue at position 46 (a reaction solely found in Gram-positive bacteria) is also believed to possess regulatory roles. These regulatory functions, however, have not yet been established (Reizer et al., 1989 (Reizer et al., , 1992 .
Much less is known about the regulatory functions of the PTS components in streptococci. Deutscher & Sauerwald (1986) reported that the activity of glycerol kinase in Streptococcus faecalis (now classified as Enterococcus faecalis) is regulated by phosphorylation catalysed by EI and HPr. Several reports have also implicated the mannose PTS in the control of sugar utilization in oral streptococci (Dills & Seno, 1983; Gauthier et al., 1990; Liberman & Bleiweis, 1984; Nkron & Vadeboncoeur, 1987; Vadeboncoeur, 1984) . In the oral bacterium S. salivarius, the mannose PTS transports mannose as well as glucose and fructose . The EII complex of the mannose PTS consists of a membrane-bound EIIMan and two forms of IIIMan having molecular masses of 38.9 kDa and 35.2 kDa, that are found associated with the membrane as well as free in the cytoplasm Vadeboncoeur & Gauthier, 1987) . In recent studies, it was demonstrated that several cytoplasmic glucose-repressible proteins such as the enzymes involved in the metabolism of lactose, melibiose and galactose are synthesized in glucose-grown cells of three spontaneous mutants of S. salivarius, called A37, B3 1 and G29, lacking the low molecular mass form of IIIM"" (IIIran) Gauthier et al., 1990; R. Lapointe and others, unpublished) . Moreover, an EIIFrU which is inducible in the parental strain is constitutively expressed in strains G29 and B31 (Bourassa & Vadeboncoeur, 1992) . In order to delineate more precisely the number of physiological functions controlled by the gene mutated in these spontaneous IIIP""-defective mutants, we investigated the properties and composition of the cellular envelope of these strains.
Methods
Bacterial struins and growth conditions. The parental strain used in this study was S. salivarius ATCC 25975 and was provided by Dr I. R. Hamilton (University of Manitoba, Canada). The isolation and partial characterization of the spontaneous IIIF-defective mutants G29, B3 1 and A37, as well as the culture conditions, were reported previously (Gauthier et al., 1990) . The mutacin-producing strains of Streptococcus mirtans C67-1, Ny 257, Ny 266, Ny 269 and T8 were obtained from J. S. van der Hoeven (Nijmegen, The Netherlands) and the others were fresh isolates from dental students at Universite Lava1 (Parrot et al., 1 990) .
Sensitivity to antibiotics and other inhibitory substances. Antibiograms were performed on Trypticase Soy Broth (Difco) with 1.5% (w/v) Bacto-agar enriched with 0.3 YO yeast extract (Difco). The antibiotic discs, all obtained from Difco, were as follows: ampicillin, 10 pg; bacitracin, 10 units; chloramphenicol, 30 pg; cephalotin, 30 pg; clindamycin, 2 pg; colistin, 10 mg; erythromycin, 15 pg; gentamicin, 10 pg; kanamycin, 30 pg; nalidixic acid, 30 pg; neomycin, 30 pg; nitrofurantoin, 300 pg; novobiocin, 30 pg; penicillin G, 10 units; polymixin B, 300 units; streptomycin, 10 pg; tetracycline, 30 pg; vancomycin, 30 pg.
The sensitivity of the mutants to detergents was tested by determining the minimal inhibitory concentrations (MIC) of SDS, Triton X-100, Tween 80 and deoxycholic acid. An inoculum from an overnight culture of the strain to be tested was adjusted to an optical density at 625 nm of 0.1 and 0.1 ml was added to 10 ml of Trypticase Soy Broth enriched with 0.3 YO yeast extract in which the detergent had previously been serially diluted. Presence or absence of growth was determined after a 24 h incubation at 37 "C.
The mutants were also compared to the parental strain for their sensitivity to a panel of 18 mutacinogenic strains representative of the inhibition patterns previously observed against standard sensitive strains (Parrot et al., 1990) . The deferred antagonism test was performed in triplicate as previously described (Parrot et al., 1989) .
Preparation of membranes for two-dimensional PAGE. Cells were grown in the presence of 0.5% glucose and growth was stopped with chloramphenicol(50 pg ml-') when cells were in the exponential phase of the growth cycle (OD,, = 0-45). The cells were harvested by centrifugation, washed once with 250 ml of a solution containing 50 mM-sodium phosphate (pH 7.0) and chloramphenicol ( 5 pg ml-'), and then frozen at -40 "C. The cells were ground with levigated alumina (3 g alumina per gram wet cell paste) for 10 min in a refrigerated mortar (-40 "C), and 10 ml of 100 mM-Tris/HCl buffer (pH 7.0) containing 1.0 mM-EDTA, 5 mM-MgSO,, 14 rnhl-2-mercaptoethanol, 1.0 mM-PMSF and 0.1 pM-Pepstatine A (Buffer A) was added. Alumina was removed by centrifugation at 3000g for 5 min, and unbroken cells and cellular debris were sedimented at 16000 g for 20 min. The supernatant was collected and incubated for 60 min at 37 "C with deoxyribonuclease I and ribonuclease A (0.5 mg ml-' each) with constant agitation. After the incubation, 10ml of buffer A containing 1.0 M-KC~ was added and the membrane fragments were sedimented at 140 000 g overnight. The resulting pellet was resuspended in 2-0 ml of buffer A and the membranes were purified by centrifugation on a glycerol cushion as described by Scholler et al. (1983) . Centrifugation was carried out at 40000 g for 1 h at 4 "C. After centrifugation, the upper aqueous phase was carefully removed and 8.0 ml of buffer A was added. The resulting suspension was centrifuged once more (140000 g, 18 h, 4 "C), and the sedimented membranes were resuspended in 75 pl 100 mM-Tris/HCl buffer (pH 7.0) containing 1.0 mM-EDTA, 5 mM-MgSO, and 14 m~-2-mercaptoethanol.
Two-dimensional PAGE.
Freshly prepared membranes were solubilized by the methods of Ames & Nikaido (1976) , using 8 % (w/v) CHAPS instead of NP-40, and analysis of membrane proteins by twodimensional gel electrophoresis was carried out by the method of OFarrell (1975) . The electrophoresis was performed with a Protean I1 apparatus (Bio-Rad). The samples, containing 75 pg protein as determined by the method of Peterson (1983) , were first run in a pH 4 to 7 isoelectric focusing system consisting of 4 % (w/v) acrylamide, 0.21 YO (w/v) bisacrylamide, 2 % (w/v) CHAPS, 0.4% (w/v) ampholytes (LKB) (pH 3*5-10), 0.8 % (w/v) ampholytes (pH 4 6 ) , and 0.8 YO (w/v) ampholytes (pH 6-8), in 1 mm diameter tubes, followed by SDS-PAGE according to Laemmli (1 970) with resolving gels containing 10% (w/v) acrylamide. The gels were then stained with silver nitrate according to Ansorge (1985) with modifications as follows. After electrophoresis, the gels were fixed for 10 min in a solution containing 50% (v/v) methanol and 12% (v/v) acetic acid. They were then transferred to a solution of 10 YO (v/v) ethanol and 5 % (v/v) acetic acid for at least 10 min. The gels were then soaked in 006% KMnO, for 5 rnin and then transferred to a 0.1 YO (w/v) K,CO, solution for another 5 min. The gels were then rinsed six times for periods of 5 rnin with deionized water. They were then transferred to a solution of 0.1 YO (w/v) AgNO, for 10 rnin and then immersed in deionized water for 2 min. The staining was completed by soaking the gels for 5 to 10 rnin in a solution of 2 Yo (w/v) K,CO, and 0.015 YO (w/v) formaldehyde. The reaction was stopped by placing the gels in a solution of 1 YO (v/v) acetic acid for 30 min. The gels were then dried between two sheets of cellophane using a model 543 Gel Dryer from Bio-Rad. They were analysed using a model 620 Videodensitometer and the 2-D Analyst I1 program, both from Bio-Rad. To minimize differences that could have occurred between experiments, comparisons between the parental strain and the mutants were made with gels that were run and stained simultaneously ,
Analysis of lipids
Growth and preparation of cells. Cells were grown in the presence of 0 5 YO glucose, harvested at the mid-exponential phase by centrifugation, washed twice in 20 mM-Tris/HCl buffer (pH 7.0), and resuspended in the same buffer at a concentration of 100mg (wet wt) ml-'. The protein content of the cell suspension was measured by the method of Peterson (1983) and its dry weight was determined following filtration of duplicate aliquots on Nucleopore membranes (Mabra-fil, 0.45 pm) and desiccation over Drierite (W. A. Hammond). Five samples of 3 ml of the cell suspension (300 mg wet wt) were centrifuged, the supernatants discarded and the cell pellets kept frozen at -20 "C until used (no more than 48 h later).
Extraction and determination of total lipids. Lipids were extracted from each of the five cell pellets with a mixture of glass-distilled chloroform and glass-distilled methanol essentially according to the method of Shaikh & Downar (1981) . To the cell pellet resuspended in 1.5 ml20 mM-Tris/HCl buffer (pH 7.0) was added 1.0 mlO.9 YO aqueous NaC1, 3.0 ml methanol and 6.0 ml chloroform. The extraction was carried out at room temperature by agitation on a Vortex mixer for two periods of 30 s separated by a 5 min rest period. Following centrifugation at 4 "C, the lower lipid-containing chloroform phase was removed and transferred to a pre-weighed glass tube. The remaining aqueous upper phase and proteinaceous debris were successively reextracted four more times with chloroform/methanol/aqueous 0.58 YO NaCl (86: 14: 1, by vol.). The solvents of the preceding lipid extract were removed at room temperature with a stream of dry nitrogen before the lower phase of the next extraction was added to the preweighed tube and again the solvents were removed. The lipid residues of three of the samples were dissolved in 1.0 ml moist chloroform and kept at -20 "C for no more than 1 week before they were analysed by TLC. The other two lipid residues were dried overnight under a stream of dry nitrogen and weighed. These residues were then dissolved in 2-0 ml moist chloroform and kept at -20 "C before their phosphorus contents were determined.
TLC of phospholipids. This was carried out on 0.25 mm thick, 20 x20 cm silica gel H plates (Uniplate, Analtech). After being activated at 110 "C for 2 h, the plates were cooled in a desiccator. Samples (about 100 pl) of the lipid extracts in chloroform were applied at the origin with a Hamilton microsyringe together with a mixture of known standards under a stream of dry nitrogen. The standards used were: L-a-phosphatidylethanolamine, L-a-phosphatidic acid, La-phosphatidylinositol, L-a-phosphatidylglycerol and L-a-phosphatidylcholine. The plate was then placed in a developing tank previously saturated with the solvent mixture of one of two systems. In system # 1, the plate was developed as described by Shaikh (1986) in a mixture of chloroform/methanol/acetic acid/water 100 : 45 : 20 : 7, by vol.). In system #2, a two-step development procedure was used (Skipski & Barclay, 1969) . First, the chromatogram was developed in a mixture (1 : 3, v/v) of acetone/light petroleum (b.p. 35-60 "C) which was permitted to migrate to the top of the plate. After drying at room temperature for 30min, the plate was placed in the second solvent mixture (chloroform/methanol/acetic acid/water (80 : 13 : 8 : 0-3, by vol.). The development was stopped when the solvent front was 2 to 3 cm below the first solvent front. In both systems, the plate was then dried at room temperature for 30 rnin and the phospholipids detected with iodine vapour according to Skipski & Barclay (1969) .
Determination of lipid phosphorus. All glassware used for the phosphorus determinations was carefully washed with the phosphatefree detergent Neodisher Z (Baxter-Canlab, Montreal, Qc, Canada). The phosphorus content of aliquots of the total lipid extracts and of each iodine-coloured spot of phospholipid scraped from the TLC plates was determined by the method of Kapoulas & Tsangaris (1986) . Phosphate standards made with analytical grade KH,PO, were always treated along with the lipid samples.
Electron microscopy Thin sections. (a) Fixation with glutaraldehyde. Bacteria grown on
Brain Heart Infusion (BHI) (Difco) agar were harvested and suspended in 0-1 M-cacodylate buffer (pH 7.0) containing 5 % (v/v) glutaraldehyde. Fixation was carried out for 2 h at 20 "C. Bacterial cells were then immobilized in 4 % (w/v) agar, washed five times in cacodylate buffer, post-fixed with 2 % osmium tetroxide for 2 h. Washings were repeated as above, and the samples dehydrated in a graded series of acetone washes. Samples were then washed twice in propylene oxide and embedded in Spurr low-viscosity resin. Thin sections were poststained with uranyl acetate and lead citrate and examined with an electron microscope (Philips 201) at an accelerating voltage of 60 kV. (Jacques & Graham, 1989) . Cells were sedimented by centrifugation, and fixation was continued for an additional 100 min in a solution that contained 5 % glutaraldehyde and 0.15% (w/v) ruthenium red in cacodylate buffer. Bacterial cells were then immobilized in 4 % agar and processed as mentioned above.
(c) Polycatfonic ferritin labelling. Bacterial cells were fixed in cacodylate buffer (pH 7.0) containing 5 % glutaraldehyde for 2 h at 20 "C. Fixed bacteria were suspended in cacodylate buffer and allowed to react with the polycationic ferritin (Sigma) at a final concentration of 1 mg ml-' for 30 rnin at 20 "C (Jacques et al., 1990) . The reaction was slowed by 10-fold dilution with buffer, and the micro-organisms were centrifuged and washed three times in cacodylate buffer. Bacterial cells were then immobilized in 4 % agar and processed as mentioned above.
Negative staining. Bacteria collected from BHI agar were suspended in phosphate-buffered saline (0.01 M-potassium phosphate, 0.85 YO NaCl, pH 7.2) and examined after negative staining. A drop of each preparation was placed on a 200-mesh Formvar-coated electron microscope grid and blotted partially dry. A drop of 1 YO (w/v) phosphotungstate (PH 7.0) was then applied to the grid. Grids were examined as described above. 
Results

Sensitivity to toxic substances
In an attempt to determine whether the mutation harboured by the spontaneous IIIP-defective mutants affected the properties of the cellular envelope, we investigated the effect of various toxic substances which may interfere with the envelope. Three classes of compounds were studied : bacteriocins produced by Streptococcus mutans (mutacins), antibiotics and detergents.
Sensitivity to mutacins. The parental strain was sensitive to the mutacins produced by S. mutans strains la, 3a, 29A, 7b, C67-1, Ny 257, Ny 266, Ny 269 and T8, but was resistant to the other strains tested (Table 1) . No specific mutacin sensitivity pattern was observed among the IIIP""-defective mutants but all differed from the parental strain. Mutants A37 and G29 were as sensitive as the parental strain to mutacins to which the parental strain was sensitive, but B31 was slightly more resistant and was even completely resistant to the mutacin produced by strain Ny257. Results also indicated that the mutants became sensitive to some mutacins to which the parental strain was resistant: mutant A37 became sensitive to strains 7a, 15A and 48B ; mutant B3 1 became sensitive to strain 2a; and mutant G29 became sensitive to strain 7a.
Sensitivity to antibiotics. All tested strains were resistant to nalidixic acid and colistin. The parental strain was sensitive to all other tested antibiotics except polymixin B. Mutants A37 and G29 were as sensitive as the parental strain to penicillin and novobiocin, but appeared slightly more sensitive to the other antibiotics tested as evaluated by the diameter of the inhibition zones (data not shown). In particular, these mutants became sensitive to polymixin B. Mutant B31 had a somewhat different profile of sensitivity. It was more resistant to erythromycin, gentamicin and nitrofurantoin than the parental strain and, as opposed to mutants A37 and G29, remained resistant to polymixin B. Mutant B3 1 appeared as much or slightly more sensitive to the other antibiotics tested.
Sensitivity to detergents. The mutants were more sensitive to SDS than the parental strain. The MIC of SDS for the parental strain ATCC 25975 was 300 pg ml-' compared to 100 pg ml-' for the mutants. No differences were observed in the sensitivity to the other detergents tested between the mutants and the parental strain.
Analysis of the cellular envelope
The altered sensitivity of the mutants to compounds such as polymixin and SDS suggested that the cellular envelope of the mutants was modified. This was confirmed by (1) analysis of the membrane proteins by twodimensional PAGE ; (2) lipid determinations and analysis of phospholipids by TLC ; (3) electron microscopy.
Two-dimensional ge l electrophoresis of membrane proteins. Two-dimensional gel electrophoresis was used to resolve the membrane proteins of the parental and the mutant strains after growth in the presence of 0.5% glucose (Fig. 1) . Common to all the mutants were the presence of five new proteins (spots A, B, H, I, L, M), one protein present in higher amounts (spot K, 4-fold), and one protein present in reduced amounts (spot 0, 3-fold). Each mutant also exhibited idiosyncratic modifications ( Table 2 ). The changes compiled in Table 2 are those that were reproducible over three or four experiments. These changes are easily visible by comparing the respective two-dimensional gels (Fig. 1) .
Lipid determination and analysis of phospholipids by TLC. Breakage of the frozen cells by grinding with alumina for the preparation of the membrane fraction clearly indicated that the mutant cells were more fragile (to various degrees) than the wild-type cells, and membrane recovery varied considerably from one strain to another. The total lipids extracted from the membrane fractions varied considerably from one strain to the other and to a lesser extent from one preparation to the next. To ensure accurate lipid analysis and comparison between strains, whole cells had to be used. Chloroform/methanol extraction of lipids from the parental strain and the mutants indicated that the strains tested differed in their lipid contents. Whole cells of the mutants had an increased lipid content, on a dry weight basis, when compared to the parental strain (Table 3) . Although the protein content of the mutants was slightly higher than in the parental strain, the lipid/protein ratio was higher in the mutant strains. As shown in Table 4 , analysis of the phosphorus content of the lipids extracted from the tested strains indicated that all three mutant whole-cell extracts contained almost twice as much phospholipid as the parental cell preparation, but that the quantity of phosphorus per mg of lipid remained roughly the same. Taken together, these results indicated that there was, in the mutants, an increase in both total lipids and phospholipids and that the ratio of phospho- * Estimated according to the pH gradient determined as described by O'Farrell (1975) .
+ , Appearance of the protein in mutant strains; -, disappearance of the protein in mutant strains; > , increase in the level of the protein by the given factor; < , decrease in the level of the protein by the given factor. To minimize differences that could have occurred between experiments, comparisons between the parental strain and the mutants were made with gels that were run and stained simultaneously.
lipids to non-phosphorus-containing lipids remained constant. In order to determine whether the distribution and/or the nature of the phospholipids differed between the mutant and the parental strains, the phospholipids were separated by TLC. Iodine vapour revealed three major Table 4 
. Phosphorus content of lipids extracted from S. salivarius ATCC 25975 and its mutants A37, B31 and G29
The cells were grown in TYE supplemented with 0.5 YO glucose and harvested at mid-exponential phase. The lipid extraction with chloroform/methanol was carried out as described in Methods. The data from one typical cell growth experiment are presented as the means of a minimum of three determinations. The standard deviation of the means is generally less than 5% of the mean. spots in the extracts of whole cells from both the parent and mutant strains. The percentage distribution of the phosphorus content in these spots is presented in Table 5 . Mutant G29 appeared to have a phospholipid composition different from the three other strains analysed. Comparison with known standards using two different solvent systems did not permit an accurate identification of the components. Spot A, which was much more abundant in mutant G29 than in the other strains, migrated at a position corresponding to phosphatidic acid or diphosphatidylglycerol (cardiolipin), whereas spot B migrated as phosphatidylethanolamine or phosphatidylglycerol. Diphosphatidylglycerol and phosphatidylglycerol are, however, the phospholipids commonly found in bacteria (Lechevalier, 1977) , particularly in streptococci (O'Leary & Wilkinson, 1988) . Spot C migrated as phosphatidylcholine, a phospholipid reported to be abundant in Gram-negative bacteria but found in lesser amount in Gram-positive cells (Lechevalier, 1977) , and whose occurrence in streptococci is questionable according to O' Leary & Wilkinson (1988) . This spot could also be aminoacylphospha- Table 3 .
Amount of lipids and proteins in S. salivarius ATCC 25975 and its mutants A37, B31 and G29
The cells were grown in TYE supplemented with 0.5% glucose and harvested at midexponential phase. The lipid extraction with chloroform/methanol was carried out as described in Methods. The data from one typical cell growth experiment are presented as the means of a minimum of three determinations. The standard deviation of the means is generally less than 5 % of the mean. TLC of lipid extracts was performed as described in Methods. A known amount (approximately 5 mg) of lipid-phosphorus was applied at the origin together with known standards. The phosphorus contents of the iodine-coloured spots (A, B, C, D) were determined as described in Methods and expressed as a percentage of the lipid-phosphorus deposited at the origin. The data represent the means of spot analysis from two to three chromatograms and the standard errors were generally less than 10 YO of the means. The phosphorus content of the spots of the standards was not determined. tidylglycerol, reported to constitute up to 10 % of the phospholipids of Gram-positive bacteria (Lechevalier, 1977) and one of the major simple phospholipids in streptococci (O'Leary & Wilkinson, 1988) . Spot D was a minor component whose migration did not correlate with any of the standards that we used.
Electron microscopy. Electron microscopy of thin sections of bacterial cells showed no significant morphological differences between the parent strain and the mutants. Cell wall thickness was approximately 20 nm for all the strains used in the present study. Since conventional fixation techniques for electron microscopy are unsuitable for preserving bacterial capsular material, which comprises a strongly hydrated polyanionic structure that collapses during dehydration, stabilization procedures had to be used. Cells of S. salivarius were labelled with polycationic ferritin or fixed with glutaraldehyde/lysine, two methods which allow good preservation of capsular material (Jacques & Graham, 1989; Jacques et al., 1990) . Once again, no marked differences were observed between the parent strain and the mutants. Cells labelled with polycationic ferritin were covered with a thin layer of ferritin granules that varied from 10 to 20nm in thickness. Similar results were obtained after fixation with glutaraldehyde/lysine.
We investigated the surface of S. salivarius after negative staining. This procedure demonstrated the presence of a peritrichous array of surface appendages extending outwards from the surface of S. salivarius. Most cells of the parent and of mutants B31 and G29 carried a peritrichous array of short fibrils. Long fimbriae were occasionally seen on some cells (Fig. 2a) . Cells of mutant A37, however, carried short fibrils and flexible fimbriae arranged peritrichously over the cell surface. Bundles of fimbriae were associated with this mutant, and occasionally in the surrounding medium (Fig. 2b) . Both the short fibrils and the fimbriae appeared to be similar to those previously reported by Handley et al. (1984) .
Discussion
The mutants used in this study were isolated as spontaneous mutants resistant to 2-deoxyglucose in the presence of lactose, and all three of them lack the protein IIIY"", a component of the mannose PTS in S. salivarius Gauthier et al., 1990) . Results presented in this study and previously (Bourassa & Vadeboncoeur, 1992; Gauthier et al., 1990 ; R. Lapointe and others, unpublished) indicate, however, that the mutations harboured by strains G29, A37 and B31 have a pleiotropic effect. We have shown that control of sugar utilization by glucose and fructose is impaired in the mutants (Gauthier et al., 1990) . Likewise, we have reported that many glucose-repressible genes encoding cytoplasmic proteins are expressed in glucose-grown cells of these mutants (Gauthier et al., 1990; R. Lapointe and others, unpublished) . Moreover, mutants G29 and B3 1 constitutively express the normally inducible genes involved in fructose transport and catabolism (Bourassa & Vadeboncoeur, 1992) . The results reported in this work show that the mutations affecting these spontaneous III~""-defective mutants also affect the biochemistry and the properties of the cell envelope. The mutations result in an altered sensitivity to toxic compounds such as mutacins, antibiotics and detergents. The mutants also exhibit altered membrane-protein profiles when analysed by two-dimensional gel electrophoresis. The total lipid and phosphorus content and the lipid/protein ratio are modified in the three mutants as well as the proportion of the phospholipids separated by TLC in mutant G29. Finally, fimbriae-like structures are more abundant on the surface of mutant A37 than on the wild-type strain. Therefore, the physiological functions modified in the mutant strains are numerous and diverse, suggesting that the mutations may affect a gene coding for a global regulatory component. This hypothesis is particularly attractive because the phenotype of mutants G29, A37 and B31 resembles to some extent the Dye-phenotype described for mutants of Escherichia coli harbouring a mutation in the dye gene (Buxton et al., 1983) . The dye mutation results in altered sensitivity to a wide range of dyes and antibiotics and causes alterations in the protein composition of the cell envelope (Buxton et al., 1983) . Over the years, the dye gene has received different names that are recognized to be aliases for a single gene now called arcA (Iuchi & Lin, 1988) , a component of a global regulatory system involved in the adaptation of the cell to aerobic respiration (Spiro & Guest, 1991) .
The physiological link between the numerous functions affected in mutants A37, B31 and G29 is not obvious. However, all of them are important for the cell to adapt to the continuously changing conditions that prevail in the oral cavity and to compete successfully with the other bacteria of the oral community. For instance, when cells find themselves in an environment containing several carbohydrates including glucose or fructose, they may find it beneficial to select those sugars which are rapidly metabolizable energy sources, over less readily utilizable sugars. Loss of this selective ability as was observed with the mutants (Gauthier et al., 1990) would be energetically expensive for the cells, which would be at a competitive disadvantage. The modification of the protein and the lipid composition of the cytoplasmic membrane may impair its permeability properties and increase the susceptibility of the cells to various noxious agents such as bacteriocins, organic acids or lytic enzymes, secreted by the host or by other micro-organisms of the oral microflora. Furthermore, the changes observed in the lipid composition in the mutants may also reflect an alteration in the composition and content of the membrane lipoproteins. These proteins are associated with cell-surface properties including adherence and coaggregation (Jenkinson, 1992) , two properties that are also commonly associated with fimbriae-like structures similar to those that we have detected in greater amounts in mutant A37. Hence, the genetic lesion altering the mutants may also perturb their adherence and coaggregation properties. Stringent modulation of these physiological functions might be an important mechanism that allows the bacterium to firmly attach to surfaces located in an environment supporting growth, and to detach when the conditions are no longer appropriate for ensuring the proliferation of the population.
Our results do not allow us to precisely identify the regulatory protein. The spontaneous mutants G29, B3 1 and A37 were all lacking HIPan, a PTS component required for the activity of the mannose PTS. However, results reported here as well as those reported previously (Bourassa & Vadeboncoeur, 1992; Gauthier et al., 1990; R. Lapointe and others, unpublished) show that the mutants are phenotypically distinct, indicating that they do not bear the same mutation. The genetic lesion might affect the gene coding for IIIP"" or a gene controlling its synthesis. Further research is needed to identify the mutated gene in these spontaneous mutants.
Recently, De Reuse & Danchin (1991) showed that the expression of the pts operon in E. coli is controlled by the phosphorylated state of IICBG'c~Eco, which acts as a sensor for external glucose concentrations. Roseman & Meadow (1990) have also proposed that the intracellular ratio of P-IIAG1c,.E"o to IIAG1c~Eco is a cornerstone in the PTS-mediated regulation of carbohydrate utilization in E. coli. Results reported in this paper as well as those obtained previously (Bourassa & Vadeboncoeur, 1992 ; Gauthier et al., 1990; R. Lapointe and others, unpublished) suggest that IIIpan and/or a protein controlling its synthesis regulate the expression of several genes. Hence, it is tempting to hypothesize that the mannose PTS of S. salivarius senses the level of glucose (or mannose) in the environment and controls the expression of several genes through a mechanism of signal transduction implicating P-HIMan and HIMan.
